Background. Lymphopenia occurs commonly in esophageal squamous cell carcinoma (ESCC) and may influence treatment outcomes. We aimed to examine its association with treatment response and tumor progression in patients with locally advanced ESCC treated with concurrent chemoradiotherapy (CCRT). Materials and Methods. A total of 286 patients with stage II-IVa ESCC treated with CCRT between 2015 and 2017 were analyzed. Total lymphocyte counts were assessed at baseline, weekly, and 4 weeks after CCRT. Pretreatment lymphopenia was defined as total lymphocyte count <1,000 cells per mm 3 at diagnosis, and treatment-related lymphopenia was defined as total lymphocyte count <200 cells per mm 3 with 6 weeks after starting CCRT. Univariate and multivariate logistic regression methods were used to analyze factors associated treatment-related lymphopenia and treatment response.
INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is the fifth most common causes of cancer in China, with an annual mortality of nearly 100 per 100,000 [1] . The prognosis of this malignancy is extremely poor because of the high incidence of lymph node metastasis, with a 5-year survival rate of only 25% [2, 3] . Because approximately 50% of patients with ESCC are detected at locally advanced stages, management of these patients remains challenging [4] . On the basis of Radiation Therapy Oncology Group 85-01 trial results, concurrent chemoradiotherapy (CCRT) has been commonly recommended to patients with locally advanced cancer [5] . However, a greater number of clinical trials have definitely confirmed that preoperative CCRT benefits only 23%-49% of patients who get pathologic complete response (CR), and nearly half of these patients do not achieve a good response to treatment [6, 7] . Therefore, predictive biomarkers for tumor response to CCRT are needed to guide clinical practice and trial design.
The immune system plays a vital role in the prevention of cancer development and progression [8] . Of all the immune cells in the circulation, lymphocytes comprise approximate 30% of all human white blood cell population and are essential effector cells in the mediating cellular immunity against tumor cells [9] . Several previous studies have demonstrated that lower pretreatment lymphocyte counts are correlated with poor survival in multiple cancer types such as breast cancer, small cell lung cancer, pancreatic ductal adenocarcinoma, and cervical cancer [10] [11] [12] [13] . Lymphopenia is frequently observed following the administration of antineoplastic therapies for various kinds of cancer and has significant clinical consequences. For example, a recent study of patients with squamous cell head and neck cancer found that this patient population had normal total lymphocyte counts at baseline, but 2 months after beginning chemoradiation, 61% of patients developed severe treatment-related lymphopenia, and patients with total lymphocyte counts <500 cells per mm 3 had early tumor recurrence [14] . Treatment-related lymphopenia was also observed in patients with cervical cancer who received chemoradiation. Up to 53% patients developed severe posttreatment lymphopenia, and multivariate analysis demonstrated that post-treatment lymphopenia had a 58% decrease of hazards of death [15] .
However, the clinical and predictive value of lymphopenia in patients with ESCC remains largely unknown. This retrospective study was therefore performed to investigate whether lymphopenia is associated with response and tumor progression in patients with locally advanced ESCC who received CCRT.
SUBJECTS, MATERIALS, AND METHODS

Patient Section
This retrospective analysis was reviewed and approved by the institutional review board of Huai'an First Hospital. Patients with locally advanced ESCC treated with CCRT between January 2015 and December 2017 were identified. Inclusion criteria included the following: (a) biopsy-confirmed ESCC, (b) clinically staged II-IVa according to the American Joint Committee on Cancer 6th edition of tumor-node-metastasis (TNM) classification for esophageal carcinoma, (c) measurable disease at baseline, (d) no prior therapy, (e) Eastern Cooperative Oncology Group performance status (ECOG PS) 0-2, and (f) at least four documented weekly absolute lymphocyte counts during CCRT. Reporting Recommendations for Tumor Marker Prognostic Studies (REMARK) criteria were followed when possible for the design and analysis of the study.
Treatments and Assessments
All patients received three-dimensional conformal radiotherapy (3D-CRT) or intensity modulated radiotherapy (IMRT). A dose of 50-60 Gy (1.8-2.0 Gy per fraction, 5 days a week) started on the first day of chemotherapy. The gross tumor volume (GTV) was defined as any visible primary tumor on the computed tomography (CT) or esophageal barium image and clinical involved lymph node. The clinical target volume (CTV) included the GTV with 3-cm craniocaudal margin, the metastatic lymph nodes, and regional lymph nodes. For upper thoracic tumor, the regional lymph nodes included bilateral supraclavicular and lymph node stations (LNS) 1R,  1L, 2R, 2L, 4R, 4L, 5, and 7; the regional lymph nodes for the  middle thoracic tumor included LNS 1R, 1L, 2R, 2L, 4R, 4L , 5, 7, and 8; and the regional lymph nodes for the lower thoracic tumor included LNS 4R, 4L, 5, 7, 8 and left gastric lymph nodes (according to the 2014 International Association for the Study of Lung Cancer lymph node map [16] ). The planning target volume (PTV) was defined as the CTV plus a 0.5-1-cm margin. Two kinds of chemotherapy regimens were used in the study: (a) concurrent chemotherapy consisted of cisplatin (25 mg/m 2 on day 1) and docetaxel (25 mg/m 2 on day 1) weekly for 5 weeks. Three or four weeks after completion of CCRT, two additional cycles of consolidation chemotherapy (docetaxel 75mg/m 2 on day 1 and cisplatin 25mg/m Tumor response to treatment was evaluated by esophagography and chest CT scan 4 weeks after completion of CCRT as described previously [17] . The treatment response was assigned to one of two categories: CR or less than CR.
Treatment-related toxicity was assessed according to the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE) version 4.0.
Data Collection and Definitions
Variables including demographic, clinicopathologic, and treatment characteristics were obtained from electronic medical record system. Study variables collected at baseline include age, gender, body mass index (BMI), ECOG PS, history of tobacco exposure, tumor differentiation, clinical stage, grade, tumor location, complete blood count (including hemoglobin concentration and absolute lymphocyte counts), and serum albumin. Treatment-related variables such as radiation dose, fractionation, PTV, mean lung dose (MLD), mean heart dose, and concurrent chemotherapy type were recorded. Absolute lymphocyte count was obtained at baseline, during (weekly), and 4 weeks after CCRT.
Pretreatment lymphopenia was defined as total lymphocyte count <1,000 cells per mm 3 base on commonly accepted reference value [18] . The total lymphocyte count <200 cells per mm 3 (grade IV, CTCAE 4.0) during CCRT weeks 1-6 was defined as treatment-related lymphopenia in accordance with previous study [19] . Nutritional status was estimated by three parameters used in most screening tools; BMI, recent weight loss, and serum albumin. BMI was calculated as weight in kilograms divided by the square of height in meters. Underweight was defined as BMI less than 18.5 kg/m 2 , according to the World Health Organization recommendations for Asian populations. Recent weight loss was defined as weight loss ≥3 kg in the previous 3 months. Hypoalbuminemia was defined as serum albumin level less than 35 g/L.
Statistical Analysis
Data normality was assessed using Kolmogorov-Smirnov tests. Patient and clinicopathologic characteristics were summarized by using descriptive statistics. Chi-square tests (or Fisher's exact test) were used for proportional comparison. Univariate and multivariate logistic regression methods were used to analyze factors associated with treatment response and treatment-related lymphopenia. Factors with p values <.1 on univariate analyses were entered as covariates in multivariate regression models. All statistical analyses were performed using SPSS Statistics version 20.0 (IBM, Armonk NY). A twoside p value <.05 was considered statistically significant.
RESULTS
Patient and Treatment Characteristics
A total of 286 patients met the inclusion criteria and were finally included in this study. Patient and treatment characteristics are summarized in Table 1 . All patients had histologically confirmed squamous cell carcinoma. Seventy-four percent were male, and the median age at diagnosis was 67 years (range, 47-84). Most tumors (61.9%) originated from the middle thoracic esophagus. Fifty-three percent of primary tumors were longer than 5 cm, with a median length of 5.6 cm (range, 2-11.5). Sixty-five patients (22.7%) had stage II disease, 197 (68.9%) had stage III disease, and 24 (8.4%) had stage IVa disease. Regarding treatment details, 76.6% were treated with IMRT, and the rest were treated with 3D-CRT. The median total radiation dose and fraction size were 50.4 Gy and 1.8 Gy per fraction, respectively. Radiation therapy (RT) was completed to at least of 50 Gy or more in 263 patients (92%), 10 patients (3.6%) were given 40-50 Gy, and 13 cases (4.4%) received less than 40 Gy because of treatment-related toxicity. As for chemotherapy, the majority (72.3%) of patients received concurrent chemotherapy with cisplatin and docetaxel.
Association of Pretreatment Lymphopenia with Baseline Variables
Prior to initiating treatment, 44 patients (15.4%) had lymphopenia. Patient and tumor characteristics separated by pretreatment lymphocyte count are shown in Table 1 . Of the clinicopathological features analyzed, BMI ≤18.5 kg/m 2 (27.3% vs. 9.1%, p = .002) and weight loss ≥3 kg in the previous 3 months (38.6% vs. 16.1%, p = .001) were more frequently observed in patients with pretreatment lymphopenia compared with those with lymphocyte count ≥1,000 cells per mm 3 . Additionally, tumor length was also significantly greater in the pretreatment lymphopenia group than in the normal lymphocyte count group (p = .033). Regarding clinical stage, the incidence of invasion to adjacent organs was significant higher in the pretreatment lymphopenia group than in the normal lymphocyte count group (p = .009). Otherwise, there were no significant differences between the two groups including age, sex, smoking history, lymph node metastasis, tumor location, and tumor differentiation (p > .05, Table 1 ).
Treatment-Related Lymphopenia
Lymphocyte count results recorded each week of CCRT are listed in Figure 1 . The median pretreatment absolute lymphocyte count was 1,425 cells per mm 3 (range, 560-3,830) and declined to 1,150, 710, 485, 380, 360, and 340 cells per mm 3 from weeks 1-6, respectively. Then, the total lymphocyte count (median, 715 cells per mm 3 ; range, 175-1,600) slowly increased 4 weeks after completion of treatment. During CCRT, a total of 89 patients (31%) had treatment-related lymphopenia. Among them, 1 patient was first noted during the first week, 14 in the second week, 18 in the third week, 32 in the fourth week, 21 in the fifth week, and 3 in the sixth week. The incidence of treatment-related lymphopenia in patients receiving RT with cisplatin and docetaxel was not significantly different from those receiving RT with S1 (30% vs. 34.2%, p = .568). Table 2 
Association of Clinicopathologic Features, Lymphopenia, and CCRT Response
After CCRT, CR, partial response, no change, and progressive disease were achieved in 62 patients (21.7%), 136 patients (47.6%), 84 patients (29.3%), and 4 patients (1.4%), respectively. As shown in Table 3 , the CR rate was significantly lower in patients with pretreatment lymphopenia than in those with pretreatment lymphocyte count ≥1,000 cells per mm 3 (9.1% vs. 24%, p = .028). Furthermore, the CR rate in patients with treatment-related lymphopenia was significantly different from that in patients with lymphocyte count ≥200 cells per mm 3 (11.2% vs. 26.4%, p = .003). In univariate analysis, tumor length ≥5 cm (p = .047), pretreatment (p = .035), and treatment-related lymphopenia (p = .005) were significant predictors of tumor response to treatment. In multivariate analysis, treatment-related lymphopenia was the only independent variable significantly associated with lack of clinical CR (OR, 2.225; 95% CI, 1.024-4.838; p = .043, Table 4 ).
Lymphocyte Counts and Tumor Progression
As of July 2018, 172 of the 286 patients had tumor progression (109 with local recurrence, 47 with distant metastasis, and 16 with both local recurrence and distant metastasis), and deaths resulting from ESCC were identified in 130 patients (Table 5) . Tumor progression and cancer-related deaths were more frequently observed in the treatmentrelated lymphopenia group than those in the post-treatment lymphocyte count ≥200 cells per mm 3 group (76.4% vs. 52.8%, p < .001 and 58.4% vs. 39.6%, p = .003, respectively). However, there were no significant differences in the incidence of tumor progression and cancer-related death among patients with or without pretreatment lymphopenia (65.9% vs. 59.1%, p = .503; and 52.3% vs. 44.2%, p = .329, respectively). 
DISCUSSION
In the present study, we reviewed the clinical significance of lymphopenia in patients with locally advanced ESCC treated with CCRT. Our findings showed that the pretreatment lymphopenia was associated with malnutrition and aggressive clinicopathological feathers of patients with ESCC. Furthermore, our study demonstrated that CCRT for ESCC can dramatically reduce lymphocyte count during treatment, with approximately 31% patients developing severe lymphopenia during CCRT weeks 1-6. This study also confirmed that treatment-related lymphopenia was significantly associated with CCRT response, and older age, greater tumor length, lower tumor location, and larger PTV were independent predictors for treatment-related lymphopenia. Recent studies have demonstrated that lymphocytes can specifically identify and kill tumor cells or release a serial of cytokines to activate host immune system [20] . A lower peripheral lymphocyte count may indicate a poor and insufficient lymphocyte-medicated immune response to tumor progression. Patients with cancer frequently show decreased total lymphocyte counts at diagnosis. In the present study, we found that 15.4% of patients had lymphopenia at initial diagnosis, and patients with pretreatment lymphopenia had greater tumor length and advanced T status. This indicates that the disease itself is correlated with marked immunosuppression. The high incidence of pretreatment lymphopenia and its association with disease status have been reported in several previous studies. In patients with metastatic breast carcinoma (MBC), advanced soft-tissue sarcoma, and nonHodgkin's lymphomas, the incidence of lymphopenia (<1,000 cells per mm 3 ) before treatment was 25%, 24%, and 27%, respectively. And in patients with MBC, baseline lymphopenia was associated with bone metastasis and more than one metastatic site [21]. Fogar et al. reported that patients with locally advanced or metastatic pancreatic cancer have lower lymphocyte counts than patients with resectable tumors [22] . In addition, our results demonstrated that pretreatment lymphopenia was associated with worse nutritional status. These findings indicated that malnutrition and immune suppression have become common problems in patients with locally advanced ESCC.
The RT-related lymphopenia was first investigated in 1916 and can occur after irradiation in a variety of different cancers including ESCC [23, 24] . Lymphocytes are the most radiosensitive cells with a dose required to kill 50% lymphocytes (D50) of as low as 1 Gy, and the D90 is nearly 2 Gy [18] . In the present study, nearly 31% patients developed grade IV lymphopenia, and the changes of total lymphocyte counts in patients receiving RT with cisplatin and docetaxel were similar in those receiving RT with S1. These findings are consistent with those seen in patients with locally advanced pancreatic adenocarcinoma receiving capecitabine or gemcitabine-based chemoradiation [25] . Although both RT and chemotherapy have prolonged negative effects on immune system, recent studies indicated that local RT may play primary role in the etiology of treatment-related lymphopenia. For example, Jian et al. recently analyzed treatment-related lymphopenia in non-small cell lung cancer and found that total lymphocyte counts were largely unchanged after two cycles of neoadjuvant chemotherapy. However, 2 months after the addition of RT, 50% patients had total lymphocyte counts <500 cells per mm 3 [26] . Treatment-related lymphopenia were also observed after RT in high-grade gliomas, locally advanced cervical cancer, and rectal cancer, which contain little bone marrow or lymphatic tissue [27] [28] [29] . Currently, the exact mechanism underlying the observed lymphocyte reduction during RT remains unclear. It was hypothesized that irradiation of circulating blood pool might represent a possible mechanism. Yovino et al. used mathematical modeling to estimate the radiation dose to circulating lymphocytes during 60-Gy radiation treatment for glioblastoma [30] . They found that a single fraction (2 Gy) delivered ≥0.5 Gy to 4.6% of the total blood pool. After 30 fractions (60 Gy), the mean dose to the circulating lymphocytes was 2.2 Gy, and 98.8% of circulating lymphocytes received at lease of 0.5Gy. During 6-week treatment, circulating lymphocytes received a significant dose of radiation while passing through the lung. This could explain why higher mean lung doses were correlated with greater depletion of circulating lymphocytes in our study. In addition, this model also demonstrated that major decreases in the target volume size could significantly reduce the circulating lymphocytes dose [30] . Similarly, we found that PTV was inversely correlated with lymphocyte count in our study. Furthermore, unintentional RT to the lymphopoiesis sites like bone marrow and the thymus, which are the primary lymphoid organs, and spleen and lymph nodes, which are the secondary lymphoid organs, may be potential contributors [31] .
CCRT is a standard treatment for locally advanced ESCC, and tumor response to CCRT is important for determining of success or failure of treatment [32] . Tumor response to local RT is not simply dependent on direct damage to irradiated tumor cells, also being largely affected by the systemic immune response [33] . In this study, we found that lymphopenia was significantly associated with lack of clinical response to CCRT in patients with ESCC. Recently, lymphopenia has been reported to be correlated with treatment response in certain solid tumors. Leibowitz-Amit et al. found that baseline lymphocyte counts were significantly associated with response to platinum-based neoadjuvant chemotherapy in muscle-invasive bladder cancer [34] . Similarly, Kou et al. found that pretreatment lymphopenia was associated with poor tumor response to first-line chemotherapy in metastatic ESCC [35] . In esophageal cancer, a recent study reported that maintaining a higher lymphocyte nadir was correlated with greater pathologic complete response [36] . In our study, the multivariate Cox analysis showed treatment-related lymphopenia to be independent prognostic factor for treatment response. Therefore, treatment-related lymphopenia might be used as an additional tool in identifying patients who are most likely to benefit from CCRT.
Given the strong association between treatment-related lymphopenia and lack of clinical CR, strategies to reduce the risks of treatment-related lymphopenia are rational. In our study, we found that older age, greater tumor length, lower tumor location, and larger PTV were independent predictors for treatment-related lymphopenia. In contrast to other clinical parameters such as age, tumor location, and tumor size, PTV represents a parameter that can be modified with treatment plan. For example, shrinking radiation fields using limited-field RT for glioblastoma has been correlated with less radiation-related lymphopenia than standard-field RT, and reduction of RT field does not seem to affect patient prognosis [37] . At present, the delineation of radiotherapeutic nodal clinical target volume for patients with ESCC has reached no global consensus until now. In our center, patients aged less than 80 years were treated with elective node irradiation (ENI), and the CTV included the GTV with 3-cm craniocaudal margin, the metastatic lymph nodes, and high-risk lymph nodal regions. However, the toxicities associated with ENI were severe, especially in patients who were treated with concurrent chemotherapy. Some recent reports showed that involved field irradiation (IFI; nodal target volume included only the malignant node) is a selective way of decreasing irradiation volume [38, 39] . In 2018, a meta-analysis including 10 studies involving a total of 1,348 patients demonstrated no significant differences in the 1-, 2-, or 3-local control rate or the 1-, 2-, or the 3-year survival rate between the ENI and the IFI group, whereas the treatment-related toxicities were significantly lower in the IFI group [40] . It is therefore possible that appropriate concurrent chemotherapy with IFI could lead to less treatment-related lymphopenia, which could translate into more CR rates to CCRT. This study is limited by its retrospective nature and relatively small sample sizes. In addition, the selection of treatment modalities and regimens were heterogeneous throughout this period, and the effects of RT and chemotherapy on lymphopenia could not be separately investigated. Therefore, the findings should be interpreted with some caution. Furthermore, survival analysis was not performed because of the short follow-up time, and data related to additional treatment such as chemotherapy or radiotherapy to metastatic disease were not complete. As a result, our findings must be considered with these limitations in mind.
CONCLUSION
Treatment-related lymphopenia is common and severe, and it seems to be an independent predictor of tumor response to treatment for patients with local ESCC treated with CCRT. Furthermore, the present study suggests that shrinking target volumes and reduction of mean lung dose may spare the circulating lymphocytes in patients at high risk of treatment-related lymphopenia during CCRT. 
